Purpose: Revascularization of the internal or external carotid arteries is occasionally indicated for symptomatic atherosclerotic common carotid artery occlusion or long-segment high-grade stenosis beginning at its origin. I report the outcome of axillary artery-based bypass grafts to the distal common, internal, or external carotid arteries. Methods: Between 1981 and 1997, 29 axillary-to-carotid bypass grafting procedures were performed on 28 patients, 15 men and 13 women, with a mean age of 68 years. Indications were transient ischemia in nine patients, amaurosis fugax in four patients, completed stroke in six patients, and nonlateralizing global ischemia in nine patients. Twenty-three common carotid arteries were totally occluded, and six had long-segment stenosis of 90% or greater beginning at the origin. Saphenous vein grafts were used in 25 procedures, and synthetic grafts were used in four. Grafts were placed to 13 internal, eight distal common, and eight external carotid arteries. Results: There were no perioperative deaths; one stroke occurred (3.4%). No lymphatic or peripheral nerve complications occurred. In a 1-to 11-year follow-up period (mean, 4.5 years), there were no graft occlusions, one restenosis of 50% or greater, and two restenoses of 70% or greater. The 1-year stenosis-free rate for 50% or greater stenosis was 93%, and the 5-and 10-year rates were 87%. No late ipsilateral strokes occurred. The 5and 10-year survival rates were 64% and 28%, respectively. Coronary artery disease was the major cause of late mortality. Conclusion: Axillary-to-carotid bypass grafting for severe symptomatic common carotid occlusive disease is safe, well tolerated, durable, and effective in stroke prevention. There is a high late mortality rate because of coronary artery disease in patients with severe proximal common carotid occlusive disease. (J Vasc Surg 1999;30:1106-12.)
Carotid revascularization for symptomatic common carotid occlusion or long-segment stenosis beginning at the common carotid origin can be achieved with a long endarterectomy beginning at the innominate or left subclavian arteries, a long endarterectomy and carotid-to-subclavian transposition, or a bypass grafting procedure. Early reports of revascularization of chronically occluded common carotid arteries by means of endarterectomy or bypass grafting indicated an unacceptably high early postoperative occlusion rate. [1] [2] [3] Although carotidsubclavian bypass grafting was popularized more than 2 decades ago, primarily as a carotid-based bypass grafting procedure for proximal subclavian artery occlusive disease, it has been less frequently used as a subclavian-based bypass grafting procedure for common carotid disease. 4, 5 An alternative inflow source for bypass grafts to the carotid arteries is the axillary artery. Early reports of carotid-axillary bypass grafting were a mix of carotid-based and axillarybased procedures and contained only a few cases. [6] [7] [8] More recently, axillary-to-internal carotid bypass grafting was described, 9 and a series of carotid-toaxillary bypass grafting procedures were reported. 10 I reported the early outcome of 13 axillary-to-carotid bypass grafting procedures performed between 1981 and 1987 for proximal common carotid occlusion or long-segment stenosis. 11 There was one perioperative stroke in a patient who had a concomitant ipsilateral carotid endarterectomy (CEA), and all grafts were patent at a mean follow-up of 2 years. The 29 axillary-to-carotid bypass grafting procedures presented are from a 16-year experience with the axillary artery used as inflow for carotid revascularization and represent a significantly longer follow-up period.
PATIENTS AND METHODS
Between 1981 and 1997, 29 axillary-to-carotid bypass grafting procedures were performed on 28 patients (one bilateral) for symptomatic atherosclerotic occlusion or severe long-segment stenosis involving the origin of the common carotid artery. During this period, approximately 1500 CEAs were performed, a comparative rate of 2%. There were 15 male and 13 female patients, with a mean age of 68.5 ± 8.9 years (mean ± SD; range, 54 to 80 years). The indications for reconstruction were focal transient ischemic attack in nine patients (32%), amaurosis fugax in four patients (14.3%, three of which were from the external carotid in patients with internal and common carotid occlusion), completed stroke in six patients (21.4%), and global nonlateralizing cerebral ischemia in nine patients (32.1%). The indications by artery reconstructed are given in Table I . All patients underwent standard arteriography. There were 23 totally occluded common carotid arteries. The other six arteries had long-segment common carotid artery stenosis of 90% or greater beginning at the origin. The internal carotid and common carotid arteries were occluded in eight patients, with patency of the external carotid maintained via retrograde flow in the superior thyroid artery. Three patients with occluded common carotid and patent internal and external carotid arteries had an earlier ipsilateral CEA. One of these patients had an ipsilateral CEA 18 years earlier and another CEA 10 years earlier. The other two patients had CEA 3 years or 6 years before bypass grafting. Fifteen of the 28 patients (54%) had an earlier or a subsequent coronary artery bypass grafting procedure. The patient undergoing staged bilateral axillary-to-internal carotid bypass grafting procedures for global ischemia had a common carotid occlusion on one side and a long-segment stenosis of 90% on the other side. In the other 27 patients, the contralateral internal carotid was occluded in one patient (3.4%), 70% to 99% stenotic in one patient (3.4%), 50% to 69% stenotic in six patients (20.7%), 20% to 49% stenotic in six patients (24.1%), and less than 20% stenotic in 13 patients (48.3%). The patient with a contralateral internal carotid stenosis of 80% had a subsequent CEA. The first three operations were performed with synthetic grafts, two knitted Dacron and one polytetrafluoroethylene (PTFE). Of the remaining 26 procedures, all except one (PTFE to an external carotid) were done with autologous greater saphenous vein. Fifteen left axillary-to-carotid bypass grafting procedures, 13 right axillary-to-carotid bypass grafting procedures, and one left axillary-to-right carotid bypass grafting procedure were performed. The patient who underwent the latter procedure had a right subclavian and left common carotid stenosis. The anatomic placement of the bypass grafts and graft materials are summarized in Table I . The detailed management of concomitant ipsilateral CEA, graft placement, and the six non-occluded common carotid arteries are listed under technique.
The patient with two earlier CEAs and common carotid occlusion had unique results from his preoperative duplex scan and arteriogram. Internal carotidto-external carotid steal, that is, reversed flow in the internal carotid, was clearly demonstrated by means of both studies. There was no evidence by means of angiography of a cutaneous or other arteriovenous malformation in the distribution of the external carotid that could explain this steal. There was no extracranial or intracranial stenosis of the internal carotid, nor of the middle cerebral. This patient had an axillary-to-internal carotid saphenous vein bypass grafting procedure because there were dense adhesions in the bulb region from the two earlier CEAs. Normal flow in the bypass graft was identified by means of intraoperative continuous-wave Doppler interrogation, but the usual finding of bidirectional flow in the internal carotid distal-to-the bypass graft was also identified. This finding was documented at each duplex scan for 4 years. Surgical technique. General anesthesia was used in all 29 operations. All greater saphenous veins were harvested from the thigh. The carotid arteries were exposed through an incision along the anterior border of the sternocleidomastoid muscle, as is usual with CEA. The tunnel was begun from above by reflecting the vagus nerve medially and the internal jugular vein laterally, so that the graft could be placed deep to the vein. The axillary artery was exposed through a transverse incision below the clavicle, the plane between the sternal and clavicular components of the pectoralis major muscle were divided, and the first and second segments of the axillary artery were exposed superior to the axillary vein. The pectoralis minor muscle was retracted laterally when necessary, but not divided. Occasionally, the cephalic vein was divided and ligated at its origin, as were one or more small branches of the axillary artery. The tunnel was constructed between the clavicle and first rib and superficial to the brachial plexus with finger dissection. The tunnel was placed deep to the trapezius, subclavius, omohyoid, and sternocleidomastoid muscles, but anterior-lateral to the transverse cervical artery, phrenic nerve, scalenus anterior muscle, and lymphatic ducts. The dissection and tunnel does not endanger the latter structures, as is the case when a bypass graft is based on the subclavian artery. The tunnel was completed from above, with sharp and blunt dissection medial and posterior to the internal jugular vein. The graft was usually passed with a large, curved blunt vascular clamp.
Systemic heparin (5000 units) was given. With elastic loops for hemostasis, an end-to-side axillary artery to graft anastomosis was performed on its cephalad side, with an approximate 30-degree bevel toward the neck to prevent kinking. The proximal elastic loop was released, and the graft was pressurized and flushed into the neck incision. The distal loop was released, and the axillary artery was allowed to retract to its normal position. The pressurized graft was inspected, excess length in the subclavicular incision was corrected by gently pulling the graft from above, and a soft bulldog clamp was placed at its origin. The graft was then irrigated clean with heparinized saline, via a number 8 feeding tube from above. The carotid component of the operation was then carried out. When a CEA was performed, the distal end of the graft was used as a patch angioplasty, in all except two early procedures. The graft and recipient arteries were thoroughly flushed before completing the distal anastomosis. After initiating flow, the arteries and graft were interrogated with a continuous-wave Doppler. In one procedure, the ipsilateral vertebral artery was transposed end-to-side to a saphenous vein graft. The mean operative time was 83 minutes. Shunts were not used.
All 29 bypass grafting procedures were end-toside proximally and distally. Eight bypass grafts (seven vein, one PTFE) were placed to isolated patent external carotid arteries. The heel of the distal anastomosis of eight bypass grafts (five vein, two Dacron, and one PTFE) originated at the bulb segments of common carotid arteries. Of these, seven had standard CEA, with a patch angioplasty closure using the hood of a vein graft in five cases and primary closure of the distal arteriotomy in two cases. The two Dacron-graft procedures were performed in 1981 and 1982, before recognition of the probable advantage of CEA patch angioplasty reconstruction on outcomes. One PTFE graft was placed on a minimally diseased common carotid bulb without CEA. Thirteen grafts (all vein) were placed end-toside to normal internal carotid segments.
The six non-occluded common carotid arteries were managed. Three had CEA with the heel of the grafts (two vein, one Dacron) placed end-to-side at the level of the endarterectomy-produced common carotid step. Two vein grafts were placed end-to-side to a normal internal carotid segment. One PTFE graft was placed end-to-side to the common carotid bulb, above the major disease segment without CEA. The common carotid artery was not ligated or oversewn in any of these six patients.
Follow-up. Noninvasive vascular testing was recommended at approximately 2 months, 6 months, and annually thereafter. Early in this series, continuous-wave Doppler and Gee oculoplethysmography were used. After 1984, duplex scanning was used (Ultra Mark 8 and later Ultra Mark 9, Advanced Technology Laboratories, Bothell, Wash). All data was prospectively stored in a computer registry.
Statistics. Summary data is given as mean ± 1 SD. Actuarial analysis was done by means of the Kaplan-Meier life-table method with JMP software (SAS Institute, Cary, NC).
RESULTS
Perioperative outcome. The single perioperative stroke in this series occurred in the first patient who had surgery. A CEA with primary closure and a Dacron axillary-to-distal common carotid bypass grafting procedure was performed. The stroke occurred on the first postoperative day, with a moderate residual defect. Both the bypass graft and the CEA were found to be patent by means of Doppler scanning and oculoplethysmography. The etiology was presumed to be embolic. The patient was lost to follow-up after a 6-month check confirmed graft patency. There was no 30-day mortality, nor were there any perioperative transient ischemic events, graft occlusions, myocardial infarctions, or reoperations. The only minor morbidity was one neck hematoma that resolved. No patient had a cranial or peripheral nerve injury, phrenic nerve neurapraxia, lymphatic injury, or wound infection. Two of the 10 patients operated on for global ischemic symptoms did not improve.
Follow-up. The mean follow-up period was 4.5 years (range, 1 to 11 years). There were no late ipsilateral strokes. One patient had a contralateral stroke 3 years after bypass grafting. Eight patients were lost to follow-up, at 2 years (two patients), 3 years (one patient), 4 years (two patients), 5 years (two patients), and 7 years (one patient). The life-table survival is given in Fig 1 and Table II . Of the 12 deaths, 10 (83%) were caused by cardiac disease, and five of these patients had an earlier coronary artery bypass grafting procedure. Two patients underwent a subsequent contralateral CEA, one patient at 2 months and one patient at 2 years after axillary-to-carotid bypass grafting. One patient progressed from a contralateral internal carotid stenosis of 30% at 2 years after bypass grafting to asymptomatic occlusion at 3 years after bypass grafting.
The incidence of restenosis of 50% or greater is given in Fig 2 and Table II . A stenosis of 75% at the distal anastomosis of a greater saphenous vein to the internal carotid developed in one female patient. The stenosis was identified at 12 months and remained unchanged and asymptomatic for 4 years. This was the patient with two earlier ipsilateral CEAs and reversed common carotid flow. Duplex scanning at 2 and 6 months had normal results, except for low-to-reversed diastolic flow in the internal carotid distal to the bypass graft. A restenosis of 70% occurred at the origin of the saphenous vein axillary-to-internal carotid bypass graft 6 months postoperatively in a female patient. This lesion was not seen on a 2-month study and remained unchanged in a 4-year follow-up examination. The third recurrent stenosis was found a the internal carotid anastomosis 4 years after operation in a male patient. This stenosis of 50% remained unchanged 6 years postoperatively. No late reoperations have been performed.
DISCUSSION
The outcomes of this series of axillary-to-carotid bypass grafting procedures for symptomatic com- Kaplan-Meier analysis of bypass grafts that are free of restenosis of 50% or greater. The number of patients atrisk for each interval is given. The standard error is less than 0.08 at 10 years. December 1999 mon carotid occlusion or long-segment high-grade stenosis indicate that it is safe, has low perioperative morbidity and mortality, and is durable. Although 25 of 29 (86%) of the bypass grafting procedures were performed with autologous greater saphenous vein, the small number of synthetic grafts also functioned well. Both long-term graft patency and ipsilateral stroke protection was excellent. This small subset of patients have a high incidence of, and are at considerable risk for, late mortality from coronary artery disease.
With the exception of my earlier report, 11 there have been fewer than six axillary-to-carotid bypass grafting procedures described in the literature. Carotid-to-axillary bypass grafting procedures have been used slightly more frequently. In 1973, Shumacker 6 described proximal common carotid-toaxillary artery bypass via a subcutaneous tunnel in patients with occluded subclavian arteries. Although he did not state his preference of graft material or the number of procedures performed, he reported good results and a preference for this approach versus carotid-to-subclavian bypass grafting. Pierandozzi et al 7 performed six carotid-axillary artery bypass grafting procedures with a retroclavicular tunnel. Five of these bypass grafting procedures were performed for subclavian occlusion, and one was performed for proximal common carotid occlusion. Two carotidaxillary artery Dacron bypass grafts placed in subcuta-neous tunnels were reported by Thompson et al, 8 with one late graft erosion through the skin. Greater saphenous vein axillary-to-internal carotid bypass grafting procedures have been used twice to maintain carotid blood flow, during and after neck surgery for neoplastic disease involving the carotid vessels. 9 In the single largest series of carotid-axillary bypass grafting procedures to date, Criado and Queral 10 reported a 10-year experience with 26 carotid-to-axillary bypass grafting procedures performed for symptomatic subclavian artery occlusive disease. They used both ringed knitted Dacron and ringed expanded PTFE prosthesis and always tunneled under the clavicle. They had no deaths or major complications. At a mean follow-up period of 47 months, the graft patency was 96%.
In this series, there was one stroke and no deaths, for a combined perioperative stroke and mortality rate of 3.4%. The stroke occurred in the first operation, a combined CEA and Dacron graft. Similar excellent perioperative outcomes were obtained by Fry et al 4 with subclavian-to-carotid bypass grafting. This is not the case with long endarterectomies beginning at the origin of the common carotid. 1, 3, 4 The poor long-term survival of patients with aortic branch occlusions has long been recognized. The 5-year survival rate of 64% and 10-year survival rate of 28% found in this study are similar to the 5-year survival rate of 63% for 23 subclavian-to-carotid bypass grafting procedures performed by Law et al. 5 The 5-year survival rate for 37 carotid-to-subclavian bypass grafting procedures in the same series was 100%. This low mortality rate for carotid-to-subclavian bypass grafting is similar to that observed by Criado and Queral, 10 7.7% for 26 patients observed for a mean of 47 months. Fry et al 4 reported a 22% mortality rate for 18 patients observed for a mean of 50 months after subclavian-to-carotid bypass grafting. These results suggest that patients operated on for subclavian occlusion have a much better longevity prognosis than those patients who have common carotid occlusion or long-segment severe stenosis.
No early or late graft occlusions occurred in this series, although there were two early and one late vein graft stenoses. A similar long-term 100% patency rate was noted by Fry et al 4 for 20 subclavian-to-carotid bypass grafting procedures (15 vein, five synthetic). Law et al 5 recently reported a 13.6% incidence of graft failure for subclavian-to-carotid bypass grafting (three of 22 procedures). One of three saphenous vein grafts occluded, and two of the 19 synthetic grafts failed. By using ringed PTFE or ringed Dacron grafts for 26 carotid-to-axillary bypass grafting procedures, Criado and Queral 10 had a 96% patency rate in a mean follow-up period of 47 months.
Management of the distal common carotid artery varied for the 21 bypass grafting procedures in patients with patent internal carotid arteries. A vein graft was placed end-to-side to the internal carotid distally in 13 patients. In 11 of these patients, the common carotid was occluded. All 13 patients had minimal disease in the internal carotid bulb. Retrograde perfusion of the external carotid was demonstrated intraoperatively by means of continuous-wave directional Doppler scanning after the bypass graft was opened. The other eight bypass grafts were placed end-to-side at the distal common carotid level. Four of these patients had a patent common carotid artery. Five patients had a concomitant ipsilateral CEA. Although I was satisfied that the common CEA endpoint was smoothly tapered at each of these eight operations, the use of an end-to-side bypass graft at the common carotid is clearly not optimal for a residual stagnant flow stump or patent common carotid lumen that could be an embolic source. The one stroke in this series occurred in a patient with a high-grade common carotid stenosis treated with endarterectomy, primary closure distally, and an end-to-side Dacron graft to the common carotid. Optimally, an end-to-end anastomosis, as illustrated by Fry et al, 4 is hemodynamically superior and advisable to an end-to-side anastomosis at the distal common carotid level. In the latter part of this series, I tended to graft directly to a normal internal carotid segment for simplicity and to minimize occlusion time.
Other methods of restoring flow to the internal and external carotid arteries include subclavian-tocarotid bypass grafting and long common CEA, with or without carotid-to-subclavian transposition. Early reports of these methods had poor graft/artery patency. [1] [2] [3] There are only a few reports of 10 or more subclavian-to-carotid bypass grafting procedures. 4, 5, 12 Fry et al 4 obtained excellent results in a pure series of 20 subclavian-to-carotid bypass grafting procedures. They used 15 saphenous veins and five Dacron grafts. The distribution of placement of bypass grafts to the three carotid arteries presented is somewhat different than that of Fry et al. 4 In their series, 30% of the bypass grafting procedures (6 of 20) were to the internal carotid, compared with 45% of the bypass grafting procedures (13 of 29) in the current series. This may represent an increasing tendency to avoid CEA when it is not necessary and place the graft distal to the bulb. Both series had a similar incidence, 25% and 27%, of bypass grafting procedures to an isolated external carotid artery.
The axillary artery has distinct advantages versus the subclavian for both ease of exposure and anastomosis, as well as the potential for injury of surrounding structures. The axillary artery is more often used for graft placement than is the subclavian and is technically easier to expose, particularly in muscular or obese patients. I expose the axillary artery as far proximal as possible and do not divide the pectoralis minor muscle. This muscle does not impede or kink an axillary-to-carotid bypass graft like it may an axillofemoral bypass graft. The brachial plexus lies superior and posterior to the exposed and elevated axillary artery and to the subclavicular tunnel. Brachial plexus injury has not been reported in previous studies of axillocarotid bypass grafting, nor did it occur in this one. The dissection and tunnel are lateral to the thoracic duct and phrenic and recurrent laryngeal nerves, structures encountered and occasionally injured during carotidsubclavian bypass grafting. [5] [6] [7] [8] [9] [10] [11] [12] Law et al 5 noted two nerve injuries (3.3%) and three thoracic duct injuries (5%) in 60 carotid-subclavian bypass grafting procedures. Creation of a tunnel for axillary-to-carotid bypass grafting is relatively easy. The only place at which great care must be taken is the dissection medial and posterior to the internal jugular vein, because of an occasional branch. It is advisable to complete this segment of the tunnel under direct vision from the carotid incision, with the jugular vein retracted laterally.
There are several possible reasons why both saphe- December 1999 nous vein and synthetic axillary-to-carotid bypass grafts have similar high patency rates, as did the long subclavian-to-carotid bypass grafts in the study by Fry et al, 4 and why both types of bypass grafts to the carotid bulb level have better patency than carotid-tosubclavian saphenous vein bypass grafts. 5, 12 First, these are long bypass grafts that lie more vertically, so neck rotation may not be as likely to produce kinking or stretching of the grafts. Second, bypass grafts to the carotid arteries have a lower outflow resistance and hence higher flow rates than carotid-to-subclavian bypass grafts. Graft length and use of a ringed prosthesis that can prevent kinking may explain, in part, the excellent patency obtained by Criado and Queral 10 for carotid-to-axillary bypass grafts. The explanation for the superior patency of synthetic versus saphenous vein carotid-to-subclavian bypass grafts 5,12 is unclear. Perhaps neck rotation of these short, near horizontally placed bypass grafts adversely affects vein grafts more than synthetic ones. The excellent long-term patency in my study for axillaryto-carotid bypass grafts and that of Fry et al 4 for subclavian-to-carotid bypass grafts indicate that both saphenous vein and synthetic (Dacron and PTFE) grafts are acceptable when bypass grafting to the carotid bulb.
In summary, axillary-to-carotid bypass grafting is safe, durable, and an effective stroke-preventive procedure in symptomatic patients with occluded or severely stenosed common carotid arteries. When concomitant endarterectomy at the bulb level is not necessary or has been previously performed, end-toside bypass grafting with saphenous vein to the internal carotid artery above the bulb is an acceptable technique. Patients requiring a bypass graft for severe symptomatic atherosclerotic disease involving the entire common carotid have a poor long-term survival rate because of associated coronary artery disease.
